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Funding

A Total project funding
o DoE share: $752,002
0 Cost share: $200, 236

Overall Project
Performance Dates
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Program Overview

Project Participants
A PI: Steven. S. C. Chuang, Akron

A Students: J. King, Huhe, S. Billy, S. Starkey, and
P. Hollopeter
A Co-Pl: Redouane Begag, Aspen
Nicholas Leventis, Aspen

Overall Project Objectives

- To develop a novel VSA process by
designing, fabricating, and refining the
structure of amine sites which can
accommodate various climate conditions,
testing the low vacuum swing process,
evaluating scalability, and cost and life
cycle analysis.

- To determine the cost-effectiveness of the
proposed technology.



Technology Background
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IR absorbance of adsorbed CO, as a
function of time during Ar purge at 150
cm3/min at 25 °C. The slope of the IR
decay curve corresponds the rate of
desorption of weakly adsorbed CO..

20 wt% TEPA, 20 wt% PEG/SIO,

243

* 10 wt% TEPA, 10 wt% PEG/SIO,

Chakravartula S. Srikanth and Steven S. C. ChuangThe Journal of Physical Chemistry C2013, 117, 18, 9196-9205



Progress and Current Status of Project
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|dentification of weakly adsorbed CO, sites allows design and preparation of a 0.0
hierarchically structure of amine sorbent for low vacuum swing adsorption

- In situ infrared (IR) spectroscopy coupled
with mass spectroscopy (MS) allows
simultaneous monitoring the dynamics of
adsorption and desorption of strongly and
weakly adsorbed CO, on amine sorbents.

- The project goal is to populate the porous
and stable structure with high density of
weakly adsorbed CO, sites for the vacuum
swing adsorption.
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Technical Approach/Project Scope

a. Experimental design and work plan

- Preparation, characterization, and test of sorbents with weakly adsorbed
CO, sites

- Fabrication and test of a Kg scale vacuum swing adsorption unit for
capture of CO, from air.

b. Actual
Task: : : . leeli. Completion |
S yubtask Milestone Title & Description | completion | Date Verification method
date

_ Determination of CO: capture . -

4.0 capacity and stability (4 -15) | 1O H201 Quarterly report
< Fabrication of a Kg scale . .

5.0 snit. (12-18) 11/01/2021 Quarterly report
6.0 Vacuom swing test (6-18) 02/01/2022 Quarterly report
10 Cost ..jklflal}-sj.ﬁ- and Life Cyele 12/31/2022 Quarterly report

Analvsis. | | -

c. Project success criteria

Decision | Date Success Criteria
Point

1 12/1/2021 | Both sorbent plates and sorbent particles exhibit the same
level in vacuum swing adsorption CO, capture capacity.

Reaching the target listed in State-Point Data
2 2/1//2022 | Completing the construction of the Vacuum Swing

Adsorption unit




Risk Management

Description of Risk

Probability

Impact

Overall

Risk Management (Mitigation and
Response Strategies)

inancial Risks:
Commitment to cost-sharing

Cost/Schedule Risks:

Acquiring chemical precursors
and component

Technical/Scope Risks:

Equipment maintenance

Preparation of Kg scale
sorbent

Human Resource Risks:

Availability of manpower to

execute project

Continuing employment of
each team member

Management/Planning/
Oversight Risks:

Capability to coordinate

Environmental

External Factor Risks:

Pandemics

Low

Medium

Moderate

Moderate

Moderate

Low

Low

Low

High

High

High

High

Moderate

Moderate

High

High

Low

High

Low

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Low

High

Cost-sharing has been allocated and
committed by the U. Akron.

Alternative suppliers

Regular inspection and calibration

Optimizing the sorbent preparation
methods.

Recruit domestic undergraduate
students as assistants

Incentives for retaining the talents

Regular and informal meetings and
communications

Use of chemicals with low toxicity

Minimize interpersonal contacts
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CO, capture capacity for thermal swing adsorption

Additional Photos of Samples and Lids

Sample co2 co2 co2 Avg Stdev Name Ranking
Capture | Capture | Capture

1 1.06 1.12 0.98 KD75BMSPA (TMS)
2 1.09 1.29 1.11 KD75BMSPA (5 )
3 0.85 1.43 0.98 KD75BMSPA Q0
4 0.67 1.12 0.92 KD75BMSPA (TMS)
5 0.66 0.40 0.65 KD100BMSPA (16}
6 0.47 0.87 0.68 KD100BMSPA (TMS) @
7 1.36 1.34 1.17 KD100BMSPA (TMS) @
8 0.64 0.80 0.74 KD100BMSPA (TMS) @
9 0.69 0.69 0.63 KD100BMSPA (TMS) Q
10 0.75 0.77 0.72 KD100BMSPA (12)
11 1.50 1.18 1.40 KD75BMSPA (TMS) ©
12 1.37 1.56 1.32 KD75BMSPA ©
13 1.21 1.00 0.77 KD100BMSPA 8 ]
14 1.06 0.99 0.72 KD100BMSPA (TMS)
15 1.49 1.89 1.07 KD100BMSPA (TMS) €
16 0.31 ’ 1.24 1.07 TPSENA (1)

KD100BMSPA: contains 4.92 mmol amine/g
KD75BMSPAcontains 5.96 mmol amine/g
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(@) In situ infrared (IR)
spectroscopy coupled with mass
spectroscopy (MS) allows
simultaneous monitoring the
dynamics of adsorption and
desorption.

(b) MS profiles of the gaseous
effluent from the IR cell during a
CO, capture cycle: (i)
pretreatment, (ii) CO, adsorption,
(iii) Ar purge to remove

, (iv) TPD
(temperature-programmed
desorption) to remove strongly
adsorbed CO,.

(c) CO, capture from air and CO,
capture from 0.2% CO.,.
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Control the density of amine
sites: Additives, Amino
acids, and polyamines

Amine

4wt% A-Amine

20wt% B-Amine

25wt% amino acid/
25wt% C/ 50wt% silica

11
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CO, Capacity: 0.46 I/ : : - :
2 ~apacly mmote PEG / amino acid / silica (molar ratio: 1 : 1: 1)

CO, Capacity: 0.41 mmol/g

Weakly-adsorbed CO,: 87%

- PEG/amino acid provides both strongly and weakly
adsorbed sites for CO, and water.

- CO2 capacity and rate from 15% > CO2 capacity
and rate from air



